. In mice exposed to the standard diet and without Cy treatment (group 1) the insulitis scores increased slowly until day 11 and then declined slightly at day 14 whereas mice exposed to the same diet but given Cy at day 95, showed a sharp decline at day 4 followed by a rapid increase between day 7-14.
Spontaneous diabetes in the NOD mouse can be prevented by nicotinamide or by an infant formula diet in which the protein source is replaced with casein hydrolysate (Pregestimil) or soy protein (Prosobee) . NOD mice maintained on the standard diet (chow and water) and given cyclophosphamide (Cy) at day 95 develop accelerated and synchronised diabetes within 14 days. Here, we compared the ability of oral nicotinamide or Prosobee, either given alone or concurrently, from weaning, in preventing diabetes in the Cy model. The resulting insulitis and the expression of intra-islet inducible nitric oxide synthase (iNOS) were examined at days 0, 4, 7, 11 and 14 following Cy administration. Intra-islet CD4 and CD8 cells and macrophages were also enumerated at day 11. In mice given the standard diet and injected with Cy at day 95 (group 5), diabetes developed in 7/11 mice, 14 days later. Mice exposed to oral nicotinamide (group 2), Prosobee (group 3) or both (group 4) , did not develop the disease during this period and until a further 30 days (p 0.03). In mice exposed to the standard diet and without Cy treatment (group 1) the insulitis scores increased slowly until day 11 and then declined slightly at day 14 whereas mice exposed to the same diet but given Cy at day 95, showed a sharp decline at day 4 followed by a rapid increase between day 7-14. However, in mice given either nicotinamide, Prosobee or both, the insulitis scores at most time-points were generally lower than in Cy-treated animals on the standard diet. In the latter group, CD4 and CD8 cells and macrophages were also higher at day 11 than all other 4 groups (CD4: p<0.05; CD8: p<0.05; macrophages: p<0.0001). The number of iNOS labelled cells increased progressively in mice on the standard diet and given Cy and were significantly higher at days 4, 7 and 11 The composition of standard mouse chow (Diet 86) and Prosobee infant formula was identical to those used in our previous studies [5] in the NOD mouse. Figure 1 shows representative islets from the 5 groups following H and E staining of pancreatic sections. In group 1, significant infiltration was seen from day 0 to day 14 (Fig. la, b) . In group 2 (nicotinamide treated), majority of the islets were either insulitis free or had peri-islet infiltration (Fig. 1 c-h) . A similar pattern was also seen in group 3 (Prosobee-fed) until day 7 ( Fig. 1 i, j) . However, the severity of insulitis became more pronounced by days 11 and 14 ( Fig. I k, 1) . In group 4 (Prosobee + nicotinamide), many islets were well preserved throughout the 14 day study period, although some were heavily infiltrated ( Fig. 1 m-o) . In group 5 (Cy treated, chow and water), islets became heavily infiltrated from day 7 onwards (Fig. 1  p-r) .
The mean 4-SEM insulitis scores (%) in the various experimental groups at days 0, 4, 7, 11 and 14 are shown in Figure 2 . For group 5, the insulitis score at day 14 represents the mean of 3 diabetic mice whereas for groups 1-4, the means are from non-diabetic mice (3 mice per group).
In mice exposed to the standard diet and given Cy, the insulitis score declined rapidly at day 4 but increased sharply by day 7 and remained elevated at days 11 and 14 (Fig. 2) . Although the insulitis scores increased at days (p < 0.05). No significant differences in macrophage numbers were observed between the 3 dietary groups (groups 2-4). Intra-islet CD4 cells were significantly higher in group 5 than in groups 3 and 4 (p < 0.05), whereas intra-islet CD8 cells were significantly higher in group 5 than in groups [1] [2] [3] [4] (p < 0.05).
Intra-islet iNOS Expression
The distribution of intra-islet iNOS immunoreactive cells in the various study groups is shown in Figure 5 . In group 1, expression of the enzyme was observed rarely and only in a few infiltrated islets (Fig. 5 a,b) . Weak intra-islet expression for the enzyme was first observed at day 4 only in group 5 mice and became more numerous and intense at days 7 and 11. In groups 2-4, iNOS was expressed in a small number of intra-islet cells at days 7 and 11. In groups 1-4, several islets showed an absence or only minimal expression of iNOS despite significant macrophage infiltration (Fig. 5) .
The mean 4-SEM number of iNOS expressing cells per islet in the various experimental groups were analysed at days 0, 4, 7 and 11 and are shown in Figure 6 . In group 5, a large proportion of islets at day 11 showed extremely intense staining for the enzyme, and thus did not permit reliable enumeration. Therefore, iNOS positive cells in this group were enumerated at days 0, 4, and 7 only. As seen in Figure 6 , iNOS expressing cells were first observed among group 5 mice at day 4, which then increased sharply at days 7 and 11. The enzyme was observed in only a few islet cells in mice from group 1.
The mean number of intra-islet iNOS ex- and macrophages (e). Arrowheads point to numerous macrophages distributed as a peri-islet band while arrowheads in (d) point to the corresponding area which is negative for iNOS. f-h: Group 3: (f): iNOS (arrowhead). (g) and (h): same islet from 2 serial sections immunolabelled for iNOS (g) and macrophages (h). Arrowhead in (h) points to numerous intra-islet macrophages while arrowheads in (g) point to the corresponding area which is negative for iNOS. Only a few iNOS positive cells are visible (g) (arrow). i-k: Group 4: (i): iNOS (arrowheads). (j) and (k) show the same islet from 2 serial sections immunolabelled for iNOS (j) and macrophages (k). Arrowheads in (k) point to numerous intra-islet macrophages while arrowheads in (j) point to the corresponding area, which is negative for iNOS. [4, 5, 27, 28] spontaneous disease in the NOD mouse.
In the NOD mouse, islet cell directed autoantibodies and mononuclear cell infiltration of pancreatic islets are detectable after weaning. [29'301 Insulitis increases progressively soon after and by day 90-100 many islets have severe insulitis. [3'26"3] Cy given to NOD mice on the standard diet results in a marked up-regulation of iNOS in intra-islet macrophages, a major source of the enzyme. [2'211 The marked inhibition of intra-islet iNOS labelling in mice exposed to the three diabetes-preventing diets is noteworthy. Thus, production of NO, following transcription and translation of iNOS, may be a critical effector molecule mediating beta cell destruction in this model. The marked expression of iNOS is also seen in the later stages of Cy-induced diabetes. 2 However, in the present study, all three groups exposed to the antidiabetogenic diets showed only a modest increase in intra-islet iNOS and at the later stages of Cy administration and despite significant macrophage infiltration in several islets.
Therefore, nicotinamide and Prosobee may down-regulate iNOS expression and thus limit intra-islet NO production. Macrophages are thought to mediate beta cell destruction through NO production. Exposure of rat islets to activated macrophages in culture causes beta cell lysis which is prevented by co-incubation with nicotinamide. 36 '371 A similar effect is seen following exposure of rat islets to nitrogen donors such as sodium nitroprusside. 38 Interleukin-lfl has been shown to promote gene expression of iNOS through activation of the transcription factor NFKB in rat islets or rat insulinoma cell line.
[391 Purified rat islets when co-incubated with nicotinamide inhibits interleukin-lfl-induced NO production in isolated rat islets and protects beta cells from destruction. 41 High nicotinamide concentrations, i.e., 10mM, or more reduce IL-l-induced NO formation from isolated islets and from RINm5F cells. 
